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Abstract 

Flow stress during hot deformation depends mainly on the strain, strain rate and temperature, and shows an intricate relationship 
with them .In this paper an artificial neural network is used to predict the flow stress of austenite stainless steel 304.The main 
focus of this paper is to predict the mechanical properties of Austenite stainless steel 304 by conducting tensile testing at super 
plastic forming region. The experiments were conducted at different temperatures from 0 to 900 degrees at three different stain 
rates in three different orientations. The whole experimental data is randomly segregated into two parts.90% of the data is 
considered as training data and 10% data is considered as testing data. The artificial neural network is trained on the basis of 
training data and applied to predict the flow stress values for testing data, which were compared with the experimental data. The 
comparison between two sets of results indicates the reliability of the predictions. 
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1. Introduction 

The austenitic stainless steels are such steels which have high nickel and chromium content and are very limited in 
the engineering applications because of their lower yield point. Within the family of stainless steels Grade 304 is the 
most versatile and most widely used stainless steel, available in a wider range of products, forms and finishes than 
any other. It has excellent forming and welding characteristics. The balanced austenitic structure of Grade 304 
enables it to be severely stretch drawn without intermediate annealing, which has made this grade dominant in the 
field of manufacturing of industrial, architectural, and transportation fields. Due to its anticorrosion resistance and 
ability to withstand high temperatures they are also finding a prominent place in nuclear reactors, architectural 
paneling, railings & trim, chemical containers, including for transport. Superplastic forming (SPF) is a valuable tool 
for the fabrication of complex parts used in the aircraft and automobile industries. Superplastic forming (SPF) of 
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sheet metal has been used to produce very complex shapes and integrated structures that are often lighter and 
stronger than the assemblies they replace. At elevated temperatures for specific strain rates under tensile load the 
phenomenon of serrated stress-strain curve, i.e. wavy pattern like saw teeth on stress strain curve is observed .  This 
is called as dynamic strain aging (DSA) or Portevin-le Chatelier (PLC) effect. This is due to the diffusion of solute 
atoms into mobile dislocations which temporarily gets arrested at obstacles. The solute atoms are able to diffuse at a 
rate faster than speed of dislocations to catch and lock them. Therefore, due to locked dislocations the load increases 
and when the dislocations are annihilated from the solute atoms, there is a sudden load drop. This process occurs 
many times which causes serration in the stress-strain curve. Thus DSA is manifested by a negative strain rate 
sensitivity, which results in unstable, jerky flow. DSA occurs for certain ranges of temperature and strain rates.  A 
critical strain rate is required for serrated yielding to take place in a particular temperature range. This temperature 
range is called blue brittle region because metal heated to this temperature region shows a decrease in ductility and 
notch impact resistance. A widely accepted consequence of DSA is the negative strain rate sensitivity that is 
observed for many alloys. 
Super plasticity in metals is defined by very high tensile elongations, ranging from two hundred to several thousand 
percent. Superplasticity is the ability of polycrystalline solids (metals) to achieve extremely high and uniform 
elongations (from 100 to 1000%) when applying tensile stresses. The high dependency between the creep tension 
stress and the strain rate results in the lack of necking (or a series of diffuse necks) along the test zone of a specimen 
[1]. From a microstructural point of view, superplasticity is achieved when two mechanisms take place in the 
material: grain boundary migration and grain boundary shearing/sliding. Theoretical and microstructural models 
agree that the most important feature of this behavior is the grain boundary sliding (GBS). Nevertheless, dislocations 
or diffusion in grains or in zones near grain boundaries are necessary in order to maintain the superplasticity of the 
material [2]. Four essential characteristics [3] are required in a material for it to be considered superplastic: a stable 
microstructure of fine equiaxed grains [4], m coefficient (strain-rate sensitivity exponent; (σ = kɛm) values between 
0.3 and 0.7, slow strain rates (10-3 to 10-5 s-1) and grain boundaries of the material that allow grain sliding and rotation 
when stress is applied [5]. In addition to the previous requirements, it is necessary to deform the material at the right 
temperature which is a fundamental characteristic in some superplastic behavior models, such as the one established 
by Ashby and Verrall [6]. Their model proposes a theory (Grain Boundary Sliding, Diffusion Accommodated Flow 
Rate Controlling) to describe superplasticity taking into account two mechanisms: (a) the diffusion-accommodated 
flow (D-A flow), consisting of GBS along with material transport through grain boundary and bulk crystal diffusion 
[7-10] to maintain grain continuity (this phenomena dominates in the low stress regime, strain rates less than 10-5 s-1) 
and (b) the ordinary power-low creep (dislocation creep) which is a quasi-uniform flow mechanism that results in 
grain-elongation as dislocations accumulate as cells, storing energy; this last mechanism dominates at sufficient high 
stresses (strain rates higher than 10-3 s-1). In the intermediate stress range, both mechanisms compete in order to 
achieve the superplastic behavior. 
Cingara et al.[11] developed constitutive equations relating peak stress ,strain rate and temperature for hot working 
of 301, 304 and 317 steels using sinh equations. Laasraoui and Jonas [12] formulated the constitutive equations 
pertaining to idealized isothermal conditions for flow behavior of steels during deformation in the role gap. 
Maheswari et al. [13] used a modified Johnson-Cook material model to develop constitutive equations for hot 
deformation behavior of Al-2024 alloys. This empirical method depends on regression analysis to find the constants. 
The quantitative assessment of these models yields a wide range of errors which can go up to about 60% for a range 
of strain rates from (0.0001-100s-1). Many of the mechanisms of regression analysis do not describe the complex 
relationships of the various factors of flow stress with sufficient accuracy, because of efficiency factors (strain, 
strain rate and temperature) of flow stress presence highly complicated nonlinear interaction relationships during hot 
deformations. It is difficult to deal with the dispersed data through the regression method and also when a new 
experimental data is added, the regression constants need to be recalculated and moreover the regression methods 
consumes significantly longer time during computation. The research conducted by Guo and Sha [14], Malinov et 
al. [15] and Sun et al. [16] have mentioned the drawbacks concerning the development of constitutive relationship 
using conventional method. 
Recently artificial neural networks (ANN) have been applied for describing the hot deformation processes. The 
neural networks are a relatively new artificial intelligence technique that emulates the behavior of biological neural 
systems in digital software or hardware and this approach need not to have a well-defined process for 
algorithmically converting an input to an output. Rather it needs only a collection of representative examples of the 
desired mappings. The ANN then adapts itself to reproduce the desired outputs when presented with training sample 
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